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General Introduction 
 
 
 
 
 
 
 
 
 
2 
 
 Leptospirosis is the most wide spread zoonosis, caused by infection with 
pathogenic spirochetes of genus Lepotpspira. The disease affects both animals and 
humans, brings an economic impact to animal production and causes Weil’s disease in 
humans (Brenner et al., 1999; Faine., 1994). Leptospirosis is difficult to be diagnosed 
by common methods use in clinic and laboratory. Therefore, the disease has been 
consequently severely neglected. Leptospirosis is now re-emerging globally and 
numerous outbreaks have occurred worldwide during the past decade and still being a 
major public health problem in tropical countries, with epidemic outbreaks occurring 
in the rainy season and after flooding (Dolhnikoff et al., 2007; Ko et al., 1999; Reis et 
al., 2008). The annual incidence of this disease is estimated at 10-100 per 100,000 in 
tropical regions and 0.1-1.0 per 100,000 in temperate areas (World Health 
Organization. 2003). In recent years, leptospirosis outbreaks have occurred all over 
the world; the most recent examples are the epidemics in Nicaragua in 2007 (World 
Health Organization, 2005), in Sri Lanka in 2008 (Agampodi et al., 2009; Koizumi et 
al., 2009) and in Philippines in 2009 (McCurry et al., 2009), each affecting several 
thousands of people and causing hundreds of deaths. 
 Leptospires are thin, helically coiled, motile spirochetes, usually 0.1 µm in 
diameter and 6 to 20 µm in length (Figure 1). Leptospira is maintained in nature by 
chronic renal infection of carrier animals. The most important reservoirs are rodents 
and other small mammals, but livestock and companion animals are also significant 
sources of human infection. Infection of carrier animals usually occurs during infancy 
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and once infected, animals may discharge leptospires in their urine intermittently or 
continuously throughout life (Figure 2). 
 Human infection occurs through direct or indirect contact with urine or tissues of 
infected animals (Faria et al., 2008). Direct contact is important in transmission to 
veterinarians, workers in milking sheds on dairy farms, abattoir work, butchers, 
hunters, and animal handlers. Indirect contact is more common, and is responsible for 
disease following exposure to wet soil or water. The great majority of cases are 
acquired by this route of tropics, either through occupational exposure to water, as in 
rice or flooding after heavy rains, or exposure to damp soil and water during 
vocational activities. Recreational exposures have become relatively more important, 
often in association with adventure tourism to tropical endemic areas (Baranton et al., 
2006; Levett, 2004; Palaniappan et al., 2007; Songer et al., 1988; Van et al., 1994). 
There has been an increase in human leptospirosis cases through raising dogs in the 
eastern regions of North America and in the Midwest (Brown et al., 1996; Prescott et 
al., 2003; Ward et al., 2002).  
 Leptospires enter the body through cuts, abrasion, mucous membranes, 
conjunctiva, and aerosol inhalation of microscopic droplets. On entering the body, 
there is widespread dissemination and penetration of tissue barriers (Athanazio et al., 
2008), including invasion of central nervous system and aqueous humor of the eye 
(Figure 3). Trans-endothelial migration of spirochetes is facilitated by a systemic 
vasculitis, accounting for a broad spectrum of clinical illness. Severer vascular injury 
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can ensue, leading to pulmonary hemorrhage, ischemia of the renal cortex and 
tubular-epithelial cell necrosis, and destruction of hepatic architecture, resulting in 
jaundice and liver cell injury, with or without necrosis (Dobrina et al., 1995; Dorigatti 
et al., 2005; Evangelista et al., 2010; Ganoza et al., 2010; Gouveia et al., 2008; 
Martínez et al., 2000; McBride et al., 2005).  
 The leptospiral genome is greater than that of other spirochetes such as 
Treponema spp., which may explain the ability of Lepotpspira to live in several 
different environments and hosts (Nascimento et al., 2004; Ren, 2003). Especially, L. 
interrogans are different than spirochetes such as Borrelia burgdorferi and Treponema 
pallidum, the genomes of which have been fully sequenced and have been found to be 
devoid of genes encoding LPS biosynthetic enzymes. Several studies have shown that 
L. interrogans produce an atypical LPS that differs from Gram-negative LPS in 
several biochemical, physical and biological properties (De Souza and Koury, 1992). 
The L. interrogans genome contains a locus spanning 36.7 kb that comprises 31 open 
reading frames encoding enzymes involved in the biosynthesis of the O antigen of 
LPS as well as integral membrane proteins for the transport and assembly of 
O-antigen subunits into LPS (Kalambaheti et al., 1999; Mitchison et al., 1997). 
Several genes in this cluster encode functional enzymes for LPS biosynthesis, as they 
have been shown to restore normal phenotypes to mutant strains of Gram-negative 
bacteria defective in the corresponding genes (Bulach et al., 2000; Mitchison et al., 
1997). 
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 The mechanisms whereby leptospires cause disease are not clearly understood. 
Understanding the mechanisms of Leptospira pathogenesis, Leptospira pathogenic 
and host immune response is essential for intelligent comprehension of central clinical, 
epidemiological and preventive aspects of leptospirosis. The mutually interdependent 
interaction of leptospiral cells with host animals resulting in leptospirosis is a process 
involving factors related to the leptospiral cells and to the host. It is in vitro to study 
the numerous interconnected factors independently, although it is necessary and 
effectual to do so because of the complexity of interaction. Potential pathogenic 
factors include immune mechanisms, toxin production, adhesins, and motility. 
Leptospiral lipopolysaccharide (L-LPS) has been shown to stimulate immune 
response via TLR2 and TLR4 in murine cells, while it uses only TLR2 for signaling in 
human cells indicating that there are species-specific differences with respect to TLR 
activation.  
 In my thesis, the researches specially focus on pathogenesis of Leptospira, 
majorly divided into two aspects, pathogenic factors and host immune system. For the 
pathogenic factors, I choose a specific topic here, the motility of Leptospira. Since we 
know, if the bacterium is going to infect somebody, it would not just simply survive 
and stay there. It will move eventually reach its target tissue and causing infection. 
Therefore, motility of bacterium should be considered as an important pathogenic 
factor. On the other hand, pathogenic factor always match to a pattern of host defense 
mechanism. We have already known the difference recognition pattern in the innate 
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immunity of mouse and human which plays a critical role in host defense to 
leptospirosis, while we hope to explore the innate immunity of domestic animals such 
as pigs. 
 Motility of Leptospira  
 In the early report, the non-motile mutants of some bacterial species have 
attenuated infectivity (Siitonenn et al., 1992; Ottemann et al., 2002). These findings 
suggest that motility is an important factor in bacterial virulence. Leptospira are 
motile bacteria that have flagella within the periplasmic space, between the outer 
membrane and the protoplasmic cylinder (Figure 4). The motility of Leptospira could 
be affected by various environmental conditions and causing the infective efficiency 
changes drastically during the life cycle of Leptospira. Whereas Leptospira species 
can live for quite long time in water (Smith et al., 1961), their viability or 
physiological activity is affected by temperature, pH, osmolarity and viscosity. High 
temperature or acidic conditions (Parker et al., 2011) markedly reduce the survival 
probability of Leptospira. Recently, it was reported that physiological osmolarity 
enhances the degree of expression of two bacterial immunoglobulin-like proteins, 
LigA and LigB, and that these proteins facilitate the attachment of leptospiral cells to 
host tissues (Matsunaga et al., 2005; Choy et al., 2007). Here, I focused on the 
motility of Leptospira, since we know motility assay of Leptospira has shown 
positive responses to a gradient of viscosity (Petrino et al., 1978), the swimming 
speed monotonically increasing with increasing viscosity (Kaiser et al., 1975). 
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Therefore, the motility of Leptospira is thought to play a critical role in its invasion 
into the host animals and in migration to their tissues.  
 During the infection process, leptospiral cells invade into the host tissues through 
small cuts or abrasion of sodden skin, or through inhalation of aerosols of urine. They 
spread immediately and circulate in the blood stream although are phagocytized by 
liver and lung fixed macrophages. Due to the rapidly swimming speed of leptospiral 
cells (5-15 µm/s) in vitro (Takabe et al., 2013), it was difficult to be phagocytized by 
macrophages (0.03 µm/s) and neutrophils (0.05-0.5µm/s) during the early infection 
process (Friedl et al., 1998; Grabher et al., 2007). With the immunity development, 
leptospires are removed from the circulation, tissues and organs by phagocytosis, 
following opsonization or agglutination in the appearance of circulating antibodies. 
 Antiserum whose immunoglobulins are directed to LPS or other surface antigens 
cause motility to become erratic. The movement becomes more sinuous, as rigidity is 
reduced. The surface becomes more adhesive to other leptospires and small clumps of 
agglutinated leptospires are formed. The amount of agglutination varies with 
immunoglobulin concentration, ranging from star-like small tangles, with peripherally 
radiating individuals in low concentration, to tight ball, in which there are eventually 
almost no protruding leptospires. How the inhibitory effect of antiserum on the 
leptospires is exerted in subagglutination concentration? In this thesis, I investigated 
the inhibitory effect of antiserum on the motility of Leptospira, by consideration of 
the differences effect between anti-whole cell antiserum and anti-LPS antiserum 
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which were quantitatively analysis by motility fraction and swimming speed. 
 Toll-like receptors and immune response in pig during Leptospira infection 
 Leptospira pathogenesis does not only related to the phenotypic properties of 
Leptospira organism but also affected by the defined host immune system. The innate 
immune response is based on the recognition of pathogen-associated molecular 
patterns (PAMPs) (Beutler, 2002; Creagh et al., 2006). Immune cells express proteins 
called pathogen recognition receptors (PPRs) such as toll-like receptors (TLRs), 
nod-like receptors (NLRs), which allow them to recognize conserved microbial motifs 
such as peptidoglycans and LPS (Kawai et al., 2007; Verstak et al., 2007; Underhill et 
al., 2002). 
 TLR4, the first PRR to be described, was identified in 1997 (Medzhitov et al., 
1997). TLR4 discriminated its ligands in a highly orchestrated synergy with 
co-receptors. This receptor signals the presence of gram-negative bacterium LPS in 
association with CD14 (Mollnes et al., 2008) and MD-2 protein (Akashi et al., 2000). 
This multifaceted receptor system additionally plays a role in triggering several signal 
transduction pathways (Ostuni et al., 2010). For example, LPS binding to TLR4 
activates transcription factor such as the nuclear factor NF-κB, which induces the 
production of inflammatory interleukins (IL-1β, IL-6, IL-8) and tumor necrosis factor 
(TNF) (Verstak et al., 2007). 
 Another TLR, TLR2, is essential for the recognition of Gram-positive bacterium 
components such as the macrophage-activating lipopeptide (MALP-1) and 
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lipoarabinomannan, the main glycolipid of Mycobacterium tuberculosis (Asong et al., 
2009). In association with another TLR (TLR6 or TLR1), TLR2 triggers intracellular 
signaling through the mitogen-activate protein kinases (MAPKs) and NF-κB 
(Underhill et al., 2002). 
 During leptospirosis, bacterial recognition by host is under disclosure, but 
Leptospira presence may be sensed through TLR4 and TLR2 receptors (Lesur et al., 
2010). It is well known that LPS from Gram-negative bacteria activate TLR4 
signaling cascade. Paradoxically, leptospiral LPS binds both CD14 and TLR2 but 
does not generate intracellular signaling through TLR4 activation in humans (Werts et 
al., 2001). Leptospiral LPS apparently stimulates mouse cell through the TLR4-MD2 
complex but does not induce signaling in human cells (Nahori et al., 2005) indicating 
that there are species-specific aspects of LPS recognition that differ between mouse 
and human cells.  
 In general, the same disease processes are seen in all animals, regardless of the 
species or serovar of the infecting leptospires. It is therefore reasonable to assume in 
the first instance that they are produced by similar mechanisms. However there are 
significant unexplained differences in host specificity during Leptospira infection. In 
this study, I do the research to find out whether there exists differences recognition of 
TLR2 and TLR4 in pig. 
 
 
10 
 
 
 
 
 
Figure 1. Transmission electron micrograph of Leptospira biflexa serovar Patoc strain 
Patoc I (magnification ca. ×3000). 
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Figure 2. Epidemiology of leptospirosis in animals and humans. 
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Figure 3. Schematic depiction of Leptospira pathogenic. 
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Figure 4. Schematic depiction of leptospiral structure.
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2-1  Introduction 
Leptospirosis is a systemic disease caused by pathogenic species of the 
Leptospira interrogans that affects humans, domestic and wild animals and represents 
the most widespread zoonosis in the world. Leptospires invade via skin abrasions or 
mucous membranes, disseminate rapidly during infection and are isolated from blood 
and target organs within minutes after inoculation in animal models (Goldstein et al., 
1988), which can cause a systemic illness that varies greatly in severity from a mild 
flu-like illness to one with multiple organ failure and death (Adler and De la Peña 
Moctezuma, 2010). 
Motility plays an important role to impact the virulence of bacterium. Since the 
bacterial motility is dependent on the flagella, it is useful to product the anti-flagella 
antibodies to inhibit the motility of bacterium such as Pseudomonas aeruginosa 
(Landsperger et al., 2006) and Salmonella typhimurium (Worley et al., 1994). 
Leptospiral cells, however, have two periplasmic flagella; the anti-flagella antibodies 
cannot inhibit the motility of leptospires (Chang and Faine, 1973). The specific 
motility enables highly effective translocation through viscous substrates and tissues, 
allowing access to otherwise inaccessible host niches (Charon and Goldstein, 2002; 
Cox and Twigg, 1974; Goldstein and Charon, 1988; Levett, 2001). 
 It has been considered that immunity in leptospirosis is predominantly humoral 
mediated in humans and most animal species. Immunity can be passively transferred 
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by convalescent human or animal serum, by experimentally produced antiserum, or 
by appropriate monoclonal antibodies (mAbs) such as those directed against 
leptospiral lipopolysaccharide (LPS) (Jost et al., 1986). The protective capacity of 
such sera correlated with the levels of agglutinating and opsonic (Adler and Faine, 
1983) and in the presence of specific antibodies, leptospires are readily phagocytosed 
by macrophages and neutrophils, both in vitro and in vivo. In addition, antibodies 
readily lyse leptospires in the presence of complement (Adler and Faine, 1978; Jost et 
al., 1989; Masuzawa et al., 1996; De la Peña-Moctezuma et al., 2001). There was no 
research on the inhibition effect of the antiserum on the leptospiral motility, especially, 
the differences affection on leptospiral motility between anti-whole cell antiserum and 
anti-LPS antiserum has not explained clearly. 
 In this study, I have summarized the findings about the inhibitory effect of 
anti-whole cell antiserum and anti-LPS antiserum on the motility of Leptospira. These 
results may yield some information concerning the nature of the interaction of 
leptospires to tissues and to eukaryotic cells. 
  
24 
 
2-2  Materials and Methods 
2-2-1  Organisms and cultivation 
 Leptospira biflexa serovar Patoc strain Patoc I was used. The strain was 
maintained in 10% normal rabbit serum (Gibco, NY, USA) complete medium 
described by Ellinghausen and McCullough, and modified by Johnson-Harris (EMJH 
complete medium) (Johnson and Harris, 1967) at 30ºC for 4 days (early 
logarithmic-phase). 
2-2-2  Antiserum 
 As described previously by Isogai et al (1998). Briefly, hyper-immune rabbit sera 
were prepared against whole cells and LPS. One rabbit was immunized 7 times with 
10
8
 to 10
9
 heat-killed organisms from 7 day-old cultures of Leptospira by injection 
into the marginal ear vine. Rabbit anti-LPS antiserum was prepared as follows: one 
mg of leptospiral LPS was emulsified in 1 ml of complete Freund’s complete adjuvant. 
The mixture was injected 2 times intracutaneously into 10 sites on the shaved back 
and into the foot. The rabbit was bled on the 4th post-inoculation week and the serum 
was used for the experiments. The negative control serum is the normal rabbit serum. 
2-2-3  Microscopic agglutination test (MAT) 
 The detection of antiserum was performed by MAT (Boulanger, 1967). The use of 
a 1/20 starting dilution was intended to increase the sensitivity of the assay. Diluted 
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antiserum was allowed to react with live leptospires by incubating for 2 h at 30 ºC. 
Agglutination was examined by dark-field microscopy and titers were measured as 
the last dilution where at least 50 % of bacteria were agglutinated. A titer of 
anti-whole cell antiserum and anti-LPS antiserum greater than or equal to 1:1280 and 
1:160 with a density of 1.4×10
7
 leptospires per mL was established as the cut-off 
point in this study, respectively. 
2-2-4  Measurement of swimming fraction and swimming speed 
 Cells were grown in EMJH complete medium at 30ºC for 4 days. The density of 
cells were diluted to 1.4×10
7
 cells/ml by EMJH complete medium, and specific 
antisera were added at different concentrations determined by MAT, where 50 %, 
62.5 % and 70 % of cells were agglutinated. The motility of Leptospira was classified 
into three types: swimming cell, rotating cell and non-motile cell (Figure 5). In 
swimming cells that are translating and rotating through the medium, the anterior end 
is spiral shaped and the posterior end is hook shaped. Both ends of the rotating cells 
are either hook shaped or spiral shaped and their translational efficiencies are quite 
low, showing no net displacement and spin at one position (Figure 6). The swimming 
and rotating fraction were counted at 0 min, 10 min, 60 min and 120 min after 
addition of antiserum. At different time points, cells were observed with a dark-field 
microscopy (BH2, Olympus Co., Tokyo, Japan) at room temperature, and the images 
were recorded on DVD with a charge-coupled device camera (CCD, C5405-50; 
Hamamatsu Photonics, Hamamatsu, Japan) and Sony WV-DR7 video recorder (Sony 
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Co., Tokyo, Japan). Frame rate of the CCD camera was 30 frames per seconds. 
Appropriate parts of the images were captured on a computer and converted to AVI 
movies. At least 20 cells were selected randomly from four repeated experiments, and 
the swimming speed of individual cells was analyzed by ImageJ (National Institute of 
Health) and macros of Microsoft Excel developed in this study with modifications of 
a previous method (Nakamura et al., 2006).  
 For significance tests (t-test), Microsoft Excel was used. Distributions of 
swimming speed were analyzed by Origin 7.0. 
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Figure 5. The experiment process of measuring the swimming fraction and swimming 
speed. 
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Figure 6. Analysis of the motility of Leptospira. (A) Sequence of dark-field images of 
a swimming Leptospira. (B) Sequence of images of a rotating Leptospira. Swimming 
trajectories of the swimming cell (C) and the rotating cell (D) were obtained by image 
analysis. Vertical dashed lines indicate center of images. 
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2-3  Results 
2-3-1  The effect of antiserum on swimming and rotating fraction of Leptospira 
 In the high concentration of antiserum (75% agglutination), ten minutes later, the 
leptospires tangled tightly as a ball, in which there were eventually almost no protruding 
one until 2 hours. However, when the live motile Leptospira was mixed with a 
concentration of 50% agglutination antiserum, leptospires became somehow hypermotile 
within a few minutes. Ten minutes later, they appear to be adhesive and begin to stick to 
one another, mainly along their long axes, although motile individuals still exist. To 
calculate the swimming fraction of leptospires in the later case, there was little decrease in 
the presence of antiserum (not shown). I measured the swimming fraction of Leptospira in 
the presence of antiserum at a concentration of 62.5 % agglutination condition during 0 
min to 120 min. The swimming fraction of Leptospira with anti-whole cell antiserum was 
significantly decreased at 60 min and then has a recovery trend comparing with control 
group. However, there was only a little decrease in the presence of anti-LPS antiserum 
(Table 1). In contrast, the rotational fraction of Leptospira was increased in the presence of 
anti-whole cell antiserum from 10 min to 120 min, especially, has a significant increase at 
60 min by comparing with control one (Table 1). It demonstrated that swimming cells were 
partially transformed to rotating cell under the affection by anti-whole cell serum. 
2-3-2  The effect of antiserum on average swimming speed of Leptospira 
 To test whether swimming speed of Leptospira is affected by anti-whole cell antiserum 
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or not, I measured the swimming speed of Leptospira in the presence of anti-whole cell 
antiserum at a concentration where 62.5 % of cells are agglutinated. In the absence of 
antiserum, average swimming speed was almost constant during the assays (ca. 15 μm/s). 
In the presence of antiserum, average swimming speeds at 0 min, 10 min, 60 min and 120 
min after addition of antisera were ca. 14.1 μm/s, 14.6 μm/s, 14.0 μm/s and 14.0 μm/s 
respectively. No significant differences between swimming speeds with and without 
antisera were indicated at all-time points by t-tests (Table 2). However, a main peak of 
speed distribution of the swimming cells in the presence of antiserum was shifted to slower 
regime (Figure 7). Statistical analysis of the speed distributions showed that the highest 
peak of the distribution was slightly shifted from 15.0 to 12.4 μm/s for 60 min in the 
presence of antiserum. In the 60-min distribution, another peak was shown at fast regime 
(ca. 17 μm/s). The distribution of immediately adding antiserum (0 min) and that in the 
absence of antiserum indicate peaks at similar position with the faster peak in the 60-min 
distribution (Figure 7C). This suggests that the swimming speed was decreased by addition 
of anti-whole cell antiserum; however, the inhibition appeared only a part of the cells. 
Swimming speed of cells contained faster regime would maintained the average value of 
swimming speed in the presence of antiserum.
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Table 1. The swimming and rotating fraction of Leptospira in the presence or absence of antiserum during 0 to 120 min. 
Results represent the mean ± SD from four independent experiments. *P <0.05; *P <0.01 compared with cells treated with normal rabbit serum  
alone. NS means no significant difference between antiserum groups and controls one. 
 
32 
 
 
 
 
 
 
 
 
Table 2. The average swimming speed of Leptospira in the presence or absence of 
antiserum during 0 min to 120 min. 
NS means no significant difference between antiserum groups and controls one. 
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Figure 7. Swimming speed histograms of Leptospira in the presence or absence of 
antiserum during 0 min to 120 min (A-D). At least 80 cells were analyzed at each time 
point and the experiments were independently repeated four times. Gray and black bars 
represent results in the presence and absence of antiserum. Dashed lines and solid lines 
represent results of Gaussian fitting to distributions in the presence and absence of 
antiserum, respectively. 
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2-4  Discussion 
 The present study reports that, in the presence of relatively low concentration of 
anti-whole cell antiserum, leptospires reacted with anti-whole cell antiserum were seen to 
be in tight, dense clumps, often with those on the periphery still actively motile. Most of 
the free leptospires were rotating cells. Although the anti-whole cell antiserum does not 
affect the periplasmic flagellar rotation directly, the efficient translation was slightly 
impaired by addition of the anti-whole cell antiserum (Table 1, Figure 7). This suggests 
that dynamics of the outer membrane which is transformed by the flagellar rotation within 
the periplasmic space plays a critical role in the motility of Leptospira. Leptospires reacted 
with anti-LPS antiserum were tended to form loose, floccules, though some dense clumps 
were also seen, most of the free leptospires remained motile as control group, similarly 
described as Chang and Faine (1973). Association of the anti-LPS antiserum with the 
cellular surface is thought to be restricted as compared with that of the anti-whole cell 
antiserum. 
 Anti-whole cell antiserum were prepared to whole cells, which likely to attach to 
different outer membranes sheath (OS) antigens, but the anti-LPS antiserum were prepared 
from purified lipopolysaccharide of whole cells, the binding site of OS antigens maybe 
fewer than previous one (Charon and Faine, 1981). In addition, the motility of Vibrio 
cholerae (Fuerst and Perry, 1988; Gustafsson and Holme, 1985) and Salmonella enterica 
(Forbes et al., 2008) can be inhibited by anti-LPS monoclonal antibodies, anti-LPS 
35 
 
antiserum of Leptospira did not show similarly as they reported. It is necessary to study on 
the different structure of bacterial LPS in the future. 
 Recovery of motility a few hours later after addition of antiserum was observed. The 
structure of the bacteria membranes was based on the Singer-Nicolson fluid mosaic 
membrane model (Singer and Nicholson, 1972), many of the bilayer constituents 
(especially the lipids) are fluid and in continual rapid motion. Especially, components such 
as LPS are constantly in motions, which move at high speeds laterally around the cell and 
rotated on their long axis (Charon and Lawrence, 1981; Pink et al., 2000). This raises a 
hypothesis that Leptospira carries surface molecules (antigens) bound with antibodies 
towards cell ends to escape from the cell membranes and recovers the motility. The results 
obtained provide information on the nature of the outer membrane sheath of Leptospira, 
the basis for certain movements of spirochetes, and insight on how spirochetes attach to 
eukaryotic cells and tissues. 
 The observation of inhibitory effect of relatively low concentration of anti-whole cell 
antiserum on Leptospira motility shows the basic immunity function of specific antiserum 
naturally. However, the mechanism of the inhibitory effect I do not known clearly yet. It is 
necessary to use the mutant to find the potential force for motility.
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3-1  Introduction 
 Leptospirosis is one of the most widespread zoonotic diseases in the world (Faine, 
1994). Leptospira interrogans strains are causative agents for leptospirosis. Pigs can 
frequently become reservoirs for L. interrogans serovars Pomona, Bratislava and 
Hebdomedis, and the infections are transmitted to uninfected pigs through direct or indirect 
contact with contaminated water, and tissues or urine excreted from infected pigs 
(Kemenes, 1967). Although the vast majority of Leptospira infections to pigs are generally 
subclinical, poor reproductive performance, abortions, premature births, stillbirths and 
infertility can be caused often, resulting in severe economic losses in the pork industry 
worldwide. Fundamental researches on pig leptospirosis have been conducted since 1970s 
(Strutzberg-Minder and Kreienbrock, 2011). Recent developments of new serological 
analysis methods allow us to diagnose the Leptospira infection effectively (Hartleben et al., 
2013). However, better understanding how Leptospira strains exhibit their pathogenicity in 
host pigs and how the immune system of the hosts reacts to the Leptospira infection are 
required for infallible prevention of the pig leptospirosis. 
 Bacterial lipopolysaccharides (LPSs) is one of the critical factors strongly stimulating 
the immune system such as production of cytokines. Leptospiral LPS (L-LPS) is the major 
antigen that confers immunity to leptospires and is involved in host–pathogen interactions 
(Vinh et al., 1986). In recognition of the bacterial LPS by host animals and humans, pattern 
recognition receptors such as toll-like receptors (TLRs) play a critical role in innate 
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immune system, initiating an inflammation that triggers recruitment of leukocytes to 
combat the bacteria (Akira and Takeda 2004). In the Leptospira infection, L-LPS is known 
to be recognized by TLR2 on human monocytes, and TLR2 and TLR4 on murine 
monocytes, which can cause species-specific immune responses (Werts et al., 2001; Nahori 
et al., 2005). Sensitive and precise recognition of L-LPS through the TLRs ought to allow 
the host pigs to establish the effective innate immune for protection against pathogens as 
well. However, it remains unclear how the pig TLRs are involved in recognition of L-LPS.  
 Fibroblasts are ubiquitous mesenchymal cells in pigs and have immune regulation 
ability to prevent bacterial infection (Hatakeyama et al., 2003; Chen et al., 2005; 
Hosokawa et al., 2005); raising the possibility that interaction of pig fibroblasts with 
L-LPS can play an important role in the homeostasis of pig tissues. In this study, I 
investigated immunological responses of pig fibroblasts to L-LPS by quantitatively 
measuring the expression of TLR2, TLR4, and pro-inflammatory cytokines. 
 L-LPS also showed endotoxin-like activity similar to Escherichia coli LPS in the early 
study (Isogai et al., 1986). After stimulation of L-LPS, various pro-inflammatory cytokines 
were secreted causing leptospiral uveitis in human (Priya et al., 2008) and liver necrosis in 
mouse (Isogai et al. 1990). Therefore, the strategies that reduce or prevent the presentation 
of LPS to its predominate receptors can ease gram-negative bacteria caused serious disease 
(De Haas et al., 1999). It has already been reported that antibody against Gram-negative 
LPS is capable to neutralize endotoxin through inhibiting the interaction between LPS and 
target cells (Pollack et al., 1997). The effect of antibody against L-LPS on inhibiting the 
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interaction between L-LPS and pig cell is not understood yet. In this study, I use antibody 
against L-LPS, to examine whether anti-L-LPS can neutralize endotoxin through inhibiting 
the interaction between L-LPS and TLR2 in PEFs_SV40 cells. 
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3-2  Materials and Methods 
3-2-1  Culture of Leptospira interrogans and preparation of L-LPS 
 Leptospira interrogans serovar Hebdomadis was cultured in Ellinghausen- 
McCullough-Johnson-Harris liquid medium (EMJH; BD Difco, NY, USA) with 10% 
normal rabbit serum (Gibco, NY, USA) at 30 ºC for 7 days. L-LPS was prepared by the hot 
phenol-water method as described previously (Isogai et al., 1989). Escherichia coli 
serotype O111:B4 LPS (E-LPS) was purchased from Sigma-Aldrich (St Louis, USA), 
which was used as a positive control. 
3-2-2  Preparation of pig fibroblasts  
 Two kinds of pig fibroblast cell lines were used. They obtained from a 45-day-old 
embryonic pig and were immortalized by different protocols. PEFs_NCC1 cell line was 
immortalized by constitutive expressions of mutated cyclin-dependent kinase 4 (CDK4), 
cyclin D1 and reverse transcriptase component of human telomerase (hTERT) in the 
fibroblasts (Donai et al., 2014). PEFs_SV40 cell line was immortalized by simian 
vacuolating virus 40 large T fragment (SV40) as established previously (Fukuda et al., 
2012). Cells were cultured in Dulbecco’s modified Eagle medium (DMEM; Nacalai-tesque 
Inc., Kyoto, Japan) containing 10% heat-inactivated fetal bovine serum (FBS; Funakoshi, 
Tokyo, Japan), 1% antibiotic and antimycotic solution (Nacalai-tesque). The cells were 
maintained in a tissue culture dish with a diameter of 100 mm at 37 °C in the presence of 5% 
CO2. The cells were passaged and seeded at 1 × 10
6
 cells/well on a 6-well tissue culture 
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plate, and then incubated until approximately 70% confluence was observed. Before being 
stimulated by LPS, cells were incubated in an antibiotic-free medium for 2 h. In all 
experiments, more than 96% of the cell viability was confirmed by Trypan blue staining. 
Unstimulated wells were prepared in the same cell culture plate, which were used as 
controls in each experiment. 
3-2-3  Measurement of TLR2, TLR4 and cytokines mRNAs by the real-time PCR 
 Pig fibroblasts were treated with different doses of LPS, to determine their response to 
different concentrations. For further studies, the cells were collected at serial time during 
24 after 10 µg/mL of LPS and 0.1 µg/mL of LPS stimulation in PEFs_NCC1 cell line and 
PEFs_SV40 cell line, respectively. Cells were harvested using the lysing buffer from 
NucleoSpin RNA II kit (Takara Bio, Shiga, Japan). Total RNA was isolated from the cells 
using NucleoSpin RNA II kit (Takara Bio) according to the manufacturer’s protocol, and 
reverse transcription was performed using PrimeScript RT reagent kit (Takara Bio). One µg 
of cDNA was subjected to real-time PCR (RT-PCR) with Thermal Cycler Dice RT-PCR 
System II (Takara Bio) and SYBR Premix ExTaq II (Takara Bio). Primers used in this 
study are listed in Table 3. The cycling condition of RT-PCR was as follows: 3 min at 95 
ºC, 40 cycles of 95 ºC for 15 sec and 60 ºC for 1 min. The amount of cDNA obtained from 
unstimulated cells was calculated according to a standard curve. The efficiency of RT-PCR 
amplification of each primer pair was calculated from a slope of the standard curve. 
Melting-curve analysis was performed to verify the presence of a gene-specific peak and 
the absence of the primer dimer. Data of RT-PCR were normalized by the respective levels 
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of β-actin mRNA detected as an internal standard and relative values of mRNA transcripts 
in cells stimulated by L-LPS to those in unstimulated cells were calculated. Here, the 
average values of triplicate experiments performed using cells prepared separately are 
reported. For statistical analysis, Dunnett’s test was performed using Microsoft Excel. 
3-2-4  Detection of TLR2 protein expressed in pig fibroblasts by Western Blotting 
 PEFs_NCC1 and PEFs_SV40 cell lines (1 × 10
6
 cells/well on 6-well tissue culture 
plates) were cultured in DMEM containing 10% FBS with or without stimulation by 10 
µg/mL L-LPS for 24 h and 0.1 µg/mL L-LPS for 3h or 72 h, respectively. Cells were 
harvested by Laemmli buffer and sonicated. After calibrating the total protein 
concentration of the cell lysate using the DC Protein assay reagent (Bio-Rad Laboratories, 
Tokyo, Japan), 10 µg of each protein was applied to SDS-PAGE (ATTO Corporation, 
Tokyo, Japan). The proteins were transferred onto a polyvinylidene fluoride (PVDF) 
membrane (Immobilon-P; Millipore Corporation, MA, USA), and then the membrane was 
blotted using the Polymer Immunocomplexes method as described previously (Fukuda et 
al. 2000). The blocked membrane was sequentially probed with the complex of Envision 
(HRP-labelled polymer anti-rabbit antibodies; DAKO, Glostrup, Denmark), the primary 
antibody (anti-porcine TLR2 polyclonal antibody; Cosmo Bio, Tokyo, Japan) and a normal 
rabbit serum (Gibco). Detection of the antibodies was performed with the ECL 
chemiluminescence Western Blot system for immunostaining (GE healthcare, 
Buckinghamshire, UK). TLR2 protein expression levels were quantitatively analyzed by 
ImageJ software (National Institutes of Health). Anti-α-tubulin antibody (1:1,000 dilution; 
46 
 
Santa Cruz Biotechnology, CA, USA) was used as an internal control. 
3-2-5  Antibody raised against L-LPS  
 Anti-L-LPS antiserum was prepared from hyper-immunized rabbit as described 
previously (Isogai et al., 1998). Briefly, one mg of Hebdomadis LPS was emulsified in 1 
ml of complete Freund’s complete adjuvant. The mixture was injected twice 
intracutaneously into 10 sites on the shaved back and into the foot of rabbit. Then the 
rabbit was bled on the 4th post-inoculation week and the serum was used for the 
experiments. The negative control serum is the preimmune serum (PIS). 
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 Table 3. Primer sequences used for amplification of real-time PCR (RT-PCR).  
 
Gene Forward Reverse Accession No. Size (bp) 
TLR2 GCATGAAGATGATGTGGGCC TAGGAGTCCTGCTCACTGTA AB072190 108 
TLR4 TGGAACAGGTATCCCAGAGG CAGAATCCTGAGGGAGTGGA NM_001113039.1 125 
IL-6 TGGATAAGCTGCAGTCACAG ATTATCCGAATGGCCCTCAG M86722 108 
IL-8 GCTCTCTGTGAGGCTGCAGTT TTTATGCACTGGCATCGAAGTT M86923 62 
β-actin CATCACCATCGGCAACGA GCGTAGAGGTCCTTGCGGATGT U07786 43 
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3-3  Results 
3-3-1  Effect of L-LPS stimulation on expressions of TLR2 and TLR4 mRNAs in pig 
fibroblasts 
 I first examined the effect of L-LPS on the expressions of TLR2 and TLR4 mRNAs in 
pig fibroblasts by using RT-PCR upon 0.1-50 µg/mL L-LPS stimulation. Figure 8A showed 
that, in PEFs_NCC1 cell line, L-LPS significantly induces a dose-dependent mRNA 
expression of TLR2 up to the concentration of 10 µg/mL (P < 0.05), but does not changes 
the expression level of TLR4 mRNA up to the concentration of 50 µg/mL (Figure 9). 
While by L-LPS stimulation in PEFs_SV40 cell line, the expression level of TLR2 mRNA 
was gradually increased with the dose concentration (P < 0.05), the relative values of the 
expression level in stimulated cells to that of unstimulated cells were more than 2.1 folds 
upon 0.1 µg/mL L-LPS stimulation (Figure 8B). Figure 10 shows that TLR4 mRNA with 
the size of 125 bp was expressed in pig peripheral blood mononuclear cells (PBMCs) and 
PEFs_NCC1 cell line, but not in PEFs_SV40 cell line. Thus, the PEFs_SV40 cells which 
do not express TLR4 mRNA have a potential to be used as a good model in researches on 
immune response in which TLR2 is involved. E-LPS was used for positive control, 
showing significant up-regulations of TLR2 and TLR4 mRNAs when the cell was 
stimulated by more than 10 µg/mL E-LPS in PEFs_NCC1 and 0.1 µg/mL E-LPS in 
PEFs_SV40. 
 Therefore, I used 10 µg/mL and 0.1 µg/mL L-LPS for time-dependent response of 
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mRNA expression of TLR2 in PEFs_NCC1 and PEFs_SV40 cell lines, respectively. 
Incubation of PEFs_NCC1 cell line with 10 µg/mL L-LPS for 24 h showed that 
expressions of TLR2 was gradually and monotonically increased, and the relative value of 
the expression level of TLR2 mRNA to that of unstimulated cells at 24 h after start of 
incubation was more than 1.5 (P < 0.05) (Figure 8C). While PEFs_SV40 cell line was 
incubated with 0.1 µg/mL L-LPS, the expression of TLR2 mRNA was markedly 
up-regulated up to 2.3 folds at 3 h and then rapidly declined at 12 h. A significant 
difference of the expression level between L-LPS stimulated cells and unstimulated cells 
was maintained until 24 h (P < 0.01) in Figure 8D. These results indicate that TLR2 of 
PEFs_SV40 cell line can be activated strongly and quickly after being stimulated by 
L-LPS.  
 The expression of TLR2 in both two cell lines was found to be significantly 
up-regulated within 24 h after L-LPS stimulation in mRNA level (Figure 8), whereas 
induction of TLR4 expression was relatively weak in PEFs_NCC1 cell line (Figure 9), 
especially for PEFs_SV40 cell line, which lack of TLR4 expression (Figure 10). These 
suggested that, in an immune system of pigs, TLR2 plays a major role for reaction to 
L-LPS rather than TLR4. 
3-3-2  Estimation of expression level of the TLR2 protein in pig fibroblasts 
 I tested whether expression of the TLR2 protein is also enhanced in pig fibroblasts 
upon L-LPS stimulation by Western Blotting. I first confirmed that massive amount of 
α-tubulin which is one of the main components of the fibroblasts were detected in both 
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unstimulated and stimulated cells. In experiments using anti-TLR2 antibody, the 
expression level of the TLR2 protein with a molecular mass of 74 kDa was found to be 
obviously increased by L-LPS stimulation (Figure 11). Brightness measurement of protein 
bands using ImageJ software showed that the expression level of TLR2 protein in cells 
stimulated by L-LPS was over two fold of that in unstimulated cells, which is consistent 
with the level of mRNA transcription shown in Figure 8.  
3-3-3  Up-regulation of pro-inflammatory cytokine genes in pig fibroblasts by L-LPS 
stimulation 
 LPSs of the Gram-negative bacteria is known to promote the production of cytokines 
such as interleukin-6 (IL-6), IL-8 and tumor necrosis factor-α (TNF-α) (Raymond and 
Wilkie, 2005; Re and Strominger, 2001). The cytokines are immunomodulatory proteins 
that help to organize the immune response against diverse inflammatory processes during 
bacterial infections (Chen et al., 2005). To understand how the cytokine productions are 
stimulated by L-LPS, I tested mRNA expression levels of IL-6 and IL-8 in pig fibroblasts 
by RT-PCR. As a positive control, E-LPS was shown to significantly up-regulation of both 
IL-6 and IL-8 mRNAs over the time and in doses measurements (P < 0.05) as compared 
with unstimulated cells (Figure 12 and 13).  
 Incubating PEFs_NCC1 cell line with L-LPS, I revealed that the expression level of 
mRNA of IL-6 and IL-8 were drastically increased over the concentration of 10 µg/mL at 
each time (Figure 12 and 13). In PEFs_SV40 cell line, L-LPS stimulation also enhances 
IL-6 and IL-8 mRNA expressions, the up-regulation of cytokines were more rapid at 3 h 
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after L-LPS stimulation and then rapidly decreased. Thus, I conclude that L-LPS can 
induce a large amount of cytokine expressions which mainly contributes for TLR2 reaction 
to L-LPS. 
3-3-4  Effects of L-LPS and antibody raised against L-LPS on TLR2 expression in 
PEFs_SV40 cell line 
 Based on this study, I found that PEFs_SV40 cell line is a specific cell line, which can 
strongly and rapidly react against L-LPS stimulation and do not express TLR4 mRNA. 
This cell line gives me a good model for the further research on whether anti-L-LPS can 
neutralize endotoxin through inhibiting the interaction between L-LPS and TLR2 in 
PEFs_SV40 cells, so the anti-L-LPS antibody was prepared. When the cells were 
incubated with L-LPS (10 µg/mL) and anti-L-LPS antibody for 6 h, the enhancement of 
TLR2 mRNA was completely inhibited by anti-L-LPS antibody comparing with L-LPS 
stimulated cells (Figure 14). While replacement anti-L-LPS antibody by preimmune (PIS) 
serum, there was no effect on the TLR2 mRNA expression induced by L-LPS (Figure 14). 
Altogether, these results indicate that anti-L-LPS can neutralize endotoxin through 
inhibiting the interaction between L-LPS and TLR2 in PEFs_SV40 cells.  
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Figure 8. Quantitative measurement of changes in the expression levels of TLR2 mRNAs 
in pig fibroblasts. (A) PEFs_NCC1 cell line was isolated at 24 h after incubation with 
concentrations of LPS 0, 1, 10 and 50 µg/mL. (B) PEFs_SV40 cell line was isolated at 3 h 
after incubation with concentrations of LPS 0, 0.1, 1 and 10 µg/mL. (C) PEFs_NCC1 was 
collected at 6, 12 and 24 h after starting incubation in the presence or absence of 10 µg/mL 
LPS. (D) PEFs_SV40 cell line was collected at 3, 12 and 24 h after starting incubation in 
the presence or absence of 0.1 µg/mL LPS. Ratios of the expression level in each 
experimental condition to that in unstimulated cells (at each time point for time-dependent 
experiments) were calculated, and average values obtained from triplicate experiments are 
shown. Vertical lines indicate standard deviations. Statistical analysis was performed 
between cells stimulated by L-LPS or E-LPS and unstimulated cells. Asterisks indicate 
significant differences (* P < 0.05, ** P < 0.01 and *** P < 0.001).
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Figure 9. Quantitative measurement of changes in the expression levels of TLR4 mRNAs 
in PEFs_NCC1 cell line. (A) Cells were isolated at 24 h after incubation with 
concentrations of LPS 0, 1, 10 and 50 µg/mL. (B) Cells were collected at 6, 12 and 24 h 
after starting incubation in the presence or absence of 10 µg/mL LPS. Ratios of the 
expression level in each experimental condition to that in unstimulated cells (at each time 
point for time-dependent experiments) were calculated, and average values obtained from 
triplicate experiments are shown. Vertical lines indicate standard deviations. Statistical 
analysis was performed between cells stimulated by L-LPS or E-LPS and unstimulated 
cells. Asterisks indicate significant differences (* P < 0.05, ** P < 0.01 and *** P < 0.001). 
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Figure 10. Detection of TLR4 mRNA expression on different kinds of pig cells by 
qRT-PCR analysis. Lane 1: pig peripheral blood mononuclear cells (PBMCs), lane 2: 
PEFs_NCC1 cell line, lane 3: PEFs_SV40 cell line, M: marker (100 bp DNA ladder).   
55 
 
 
 
Figure 11.  Effect of L-LPS stimulation on expression of TLR2 protein in pig fibroblasts 
by Western Blotting analysis. (A) PEFs_NCC1 cell line was stimulated by 10 µg/mL 
L-LPS for 24 h. (B) PEFs_SV40 cell line was stimulated by 0.1 µg/mL L-LPS for 3 h and 
72 h, respectively. Non-stimulated cells were used as a control. Duplicated lanes (A) and 
triplicated lanes (B) shown in respective experimental conditions are results obtained from 
replicated experiments in which cells were separately prepared. The positions of molecular 
mass markers (kDa) are shown on the left. Anti-α-tubulin polyclonal antibody was used to 
detect α-tubulin (55 kDa) as an internal control. 
 
 
56 
 
 
 
Figure 12. Quantitative measurement of changes in the expression levels of IL-6 mRNAs 
in pig fibroblasts. (A) PEFs_NCC1 cell line was isolated at 24 h after incubation with 
concentrations of LPS 0, 1, 10 and 50 µg/mL. (B) PEFs_SV40 cell line was isolated at 3 h 
after incubation with concentrations of LPS 0, 0.1, 1 and 10 µg/mL. (C) PEFs_NCC1 was 
collected at 6, 12 and 24 h after starting incubation in the presence or absence of 10 µg/mL 
LPS. (D) PEFs_SV40 cell line was collected at 3, 12 and 24 h after starting incubation in 
the presence or absence of 0.1 µg/mL LPS. Ratios of the expression level in each 
experimental condition to that in un-stimulated cells (at each time point for time-dependent 
experiments) were calculated, and average values obtained from triplicate experiments are 
shown. Vertical lines indicate standard deviations. Statistical analysis was performed 
between cells stimulated by L-LPS or E-LPS and unstimulated cells. Asterisks indicate 
significant differences (* P < 0.05, ** P < 0.01 and *** P < 0.001).
57 
 
Figure 13. Quantitative measurement of changes in the expression levels of IL-8 mRNAs 
in pig fibroblasts. (A) PEFs_NCC1 cell line was isolated at 24 h after incubation with 
concentrations of LPS 0, 1, 10 and 50 µg/mL. (B) PEFs_SV40 cell line was isolated at 3 h 
after incubation with concentrations of LPS 0, 0.1, 1 and 10 µg/mL. (C) PEFs_NCC1 was 
collected at 6, 12 and 24 h after starting incubation in the presence or absence of 10 µg/mL 
LPS. (D) PEFs_SV40 cell line was collected at 3, 12 and 24 h after starting incubation in 
the presence or absence of 0.1 µg/mL LPS. Ratios of the expression level in each 
experimental condition to that in un-stimulated cells (at each time point for time-dependent 
experiments) were calculated, and average values obtained from triplicate experiments are 
shown. Vertical lines indicate standard deviations. Statistical analysis was performed 
between cells stimulated by L-LPS or E-LPS and unstimulated cells. Asterisks indicate 
significant differences (* P < 0.05, ** P < 0.01 and *** P < 0.001).
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Figure 14. Effects of antibody raised against L-LPS on TLR2 expression. The PEFs_SV40 
cells were incubated with 10.0 µg/mL L-LPS alone or with L-LPS plus an antiserum raised 
against L-LPS (anti-L-LPS) or with a preimmune serum (PIS) for 6 h. Statistical analysis 
was performed between cells stimulated by L-LPS alone or with an antiserum and 
unstimulated cells. Asterisks indicate significant differences (* P < 0.05, ** P < 0.01). NS 
means no significant difference between L-LPS plus anti-L-LPS antiserum groups and 
controls one. 
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3-4  Discussion 
 In this study, we investigated how the pig fibroblast reacts to LPS of a pathogenic 
Leptospira strain and revealed that expression of TLR2 was significantly up-regulated by 
L-LPS stimulation whereas that of TLR4 was relatively less. We also found that cytokines 
(IL-6 and IL-8) mRNA levels were rapidly increased in pig fibroblasts upon L-LPS 
stimulation. These results indicate that the important reaction to L-LPS mainly contributes 
for TLR2 in pig fibroblasts, and inducing cytokine up-regulation. A previous report showed 
that involvements of TLRs in recognition of L-LPS in human cells were different from 
those in murine cells: TLR2 and TLR4 can react to L-LPS in murine cells, while only 
TLR2 functions in human cells (Nahori et al., 2005). The different expression pattern of 
TLRs would relate to difference in susceptibility to Leptospira infection between human 
and mice. Our results showed that a response of the pig fibroblast to L-LPS stimulation 
would be similar to that of the human cell in agreement with a previous report (Werts et al., 
2001). Weak recognition of L-LPS by TLR4 in pig cells may cause subclinical symptoms 
mentioned above. 
 The present results that L-LPS is majorly recognized by in TLR2 while E-LPS is 
recognized by TLR2 and TLR4 which are consistent with previous reports (Jaekal et al., 
2007; Islam et al., 2012; Uddin et al., 2012). It has been known that LPSs from some 
pathogenic bacterial species such as Legionella pneumophila (Girard et al. 2003), 
Helicobacter pylori and Porphyromonas gingivalis (Coats et al. 2003; Tran et al. 2004) are 
recognized by TLR2 rather than TLR4 in humans as well as the case of LPS from 
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Leptospira, and these bacteria present atypical structure of lipid A in comparison to LPSs 
of enterobacterial species whose recognitions involve both TLR2 and TLR4. L-LPS 
exhibits a difference in the structure of lipid A from E-LPS (Figure 15) (Desouza and 
Koury, 1992; Que-Gewirth et al., 2004; Werts et al., 2010). Thus, structural characteristics 
may generate variation in recognition of the bacterial LPSs through TLRs in innate 
immune activity. 
 The present experiments showed that the pig fibroblast has the ability to up-regulate 
the TLR2 expression rather than TLR4 by detecting L-LPS, and induce the production of 
pro-inflammatory cytokines in vitro. Leptospira infection showed massive high expression 
of cytokines in infected hamster kidneys (Lowanitchapat et al., 2010). Wagenaar et al. 
(2009) found that IL-6, IL-8 and IL-1β expression were higher in leptospirosis patients 
who were associated with severity and mortality disease. These studies indicate that 
immune response to Leptospira is suggested to play a role in organ damages observed in 
Leptospira infection (De Fost et al., 2003; Yan et al., 2009). In order to cure the patients 
with leptospirosis, we commonly use chemotherapy. After the initiation of antibiotics 
treatment, Jarisch-Herxheimer reaction (JHR) has been reported to occur which precipitate 
a febrile inflammatory reaction (Vaughan et al., 1994). Antibodies against LPS can made to 
control the immunological response to sepsis, through preventing interaction with LPS 
binding receptors in target cell, in the previous study of treatment to Gram-negative 
bacteria caused septic shock (De Haas et al., 1999; Pollack et al., 1997). Here, we found 
antibody against pathogenic Leptospira with an effect of neutralizing endotoxin through 
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inhibiting the interaction between L-LPS and TLR2 in pig cells. 
 In this study, we certificate that L-LPS is an immune antigen, triggers the immune 
response by activating pig TLR2 during leptospirosis. We also found that through using the 
antibody against L-LPS to inhibit the interaction between L-LPS and TLR2 in pig cells 
may therefore impact on immune activation. In addition, the PEFs_SV40 cell line gives me 
a good cell model, to certificate whether the pathogenic bacterial antigens are interacted 
with pig TLR2. 
 To gain deeper insights into the mechanism of L-LPS recognition through the TLR2 in 
pig cells, further studies are required: preparing anti-pig TLR2 antibody to blocking the 
function of TLR2 and then analysis cytokines expression is necessary.  
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Figure 15. Comparative structure of lipid A from Leptospira interrogans and Escherichia 
coli. Colors on the Leptospira lipid A structure denote differences from that of E. coli. On 
the Leptospira lipid A, note the absence of a free phosphate group at both extremities of 
the disaccharide backbone. 
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 Base on the researches, we analyzed two major part of Leptospira pathogenesis: 
the pathogenic factor of the leptospiral motility and the host cells response to the LPS 
from pathogenic Leptospira. The results are as following (Figure 16): 
1. Anti-whole cell antiserum can efficiently inhibit the motility of leptospiral cells at 
low titer, whereas anti-LPS antiserum cannot. It implies that other components except 
LPS may play an important role in the inhibition effect of leptospial motility. 
2. On the research of TLRs function in pig innate immune response during 
Leptospira infection, I elicit that TLR2 is the major receptor in the L-LPS induced pig 
immune response and causing cytokines production.  
3. I found that the protective function of anti-L-LPS antibody which is capable to, 
which is capable to blocking the interaction between LPS and TLR2 in pig cells.  
 In addition to my research data above, I am also looking forward to doing the 
experiment in the future as follows. 
1. For the motility of Leptospira, there exist two hypothesis which I want to 
explain:  
1) Due to the binding of anti-whole cell antiserum to the cell surface, a part 
of the leptospiral cells transform their motile mode from swimming-type to 
rotating-type. In order to understand this mechanism, I need to find out the 
energy or torque balance that plays a major role to change the motile 
mode. 
2) The inhibition effect of anti-whole cell antiserum is regained in a few 
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hours. In order to figure out the relationship between such phenomena and 
the fluid mosaic membrane model, when the motility of the cell is regained, 
the behavior of the antibodies, whether they can move toward the cell ends 
or can be detached from the cell, is interesting. Latex-conjugated antibody 
may useful to visualize the motion of antibodies on the bacterial cells. 
2. For the TLRs activation by L-LPS stimulation. Some further experiments needs 
to be done.  
1) In this thesis, I only used two kinds of pig fibroblasts. Other kinds of host 
cell lines such as pig umbilical vein endothelial cells, pig peripheral blood 
mononuclear cells or pig epithelial cells to confirm TLR2 and TLR4 which 
can be an important way to react with L-LPS, could be used. 
2) Based on the research about pig fibroblasts, TLR2 tends to be predominant 
in the activation of innate immunity. L-LPS might be recognized by TLR2 
signal pathway. In order to clarify this, anti-pig TLR2 antibody or siRNA 
for expression of TLR2 becomes forceful tool to make sure about TLR2 
dependent recognition.  
3) Until now, the detail function of lipid A in pig innate immunity system is 
not known yet, especially the important moiety ligand of Lipid A of L-LPS 
to bind with TLR2 remains to be elucidated, which is suggested by 
Jiménez-Dalmaroni et al (2014). 
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             Figure 16. The illustration of Leptospira pathogenesis on my research. 
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